A B S T R A C T The pathologies of diabetic micro-and macroangiopathy are different, suggesting that diabetes affects these two types of vascular tissue in a dissimilar manner. We have compared insulin receptors and the effects of insulin on cultured endothelium from calf retinal capillaries and aorta, and the vascular supporting cells, retinal pericytes, and aortic smooth muscle cells. '251-insulin binds to high affinity insulin receptors on all four cell types. Receptor concentrations were similar except for aortic smooth muscle cells, which have 10-fold fewer receptors than the other cell types. Insulin at a concentration of 10 ng/ ml stimulated ['4C]glucose incorporation into glycogen in retinal endothelial cells and pericytes and aortic smooth muscle cells, but had no effect on aortic endothelium. Insulin over a concentration range of 10 ng/ml-10 ,ug/ml, stimulated [3H]thymidine incorporation into the DNA of retinal pericytes, and endothelial cells and aortic smooth muscle cells but had no effect on aortic endothelial cells. These data suggested that a differential response to insulin may exist between endothelium of micro-and macrovasculature, and suggest that retinal capillary endothelium and retinal pericytes are both very insulin-sensitive tissues.
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INTRODUCTION
Endothelial cells have been implicated in the pathogenesis of diabetic complications in the development of both micro-and macroangiopathy (1) (2) (3) . Studies of cells in culture have demonstrated differences in the growth requirements for endothelium and other vascular cells of large vessels and capillaries, although detailed characterization of these differences has not been established (4) (5) (6) (7) . Similarly, the effects of insulin, Received for publication 7 October 1982 and in revised form 19 November 1982. a pivotal hormone in the regulation of cellular metabolism and growth in diabetics and nondiabetics, have not been investigated in detail (8) (9) (10) , although some studies have shown that insulin receptors exist on endothelial cells from large blood vessels and isolated brain microvessels (11) (12) .
In the present report, we have established cultures of endothelial cells from bovine retinal capillaries and aorta and characterized the insulin receptor, and insulin's metabolic and growth-promoting effect on these cells. In addition, similar studies were performed on the vascular supporting cells, i.e., capillary pericytes and aortic smooth muscle cells. These studies suggested that insulin may have a role both in the metabolism and in the growth of these cells. In addition, cells of the retinal capillary and aorta appear to be different in their responsiveness to hormonal stimulation. Calf aortic smooth muscle cells. Aortic smooth muscle cells were harvested from calf aorta by using the same procedure as the isolation of endothelial cells except that the aorta was scraped vigorously with a cotton swab several times (13) . The cells were washed off the swab into a Costar culture dish in M199 media with 10% fetal bovine serum. After the cells had covered the bottom of the plate, they were incubated with 0.1I% trypsin for 2 min and loose cells were rinsed from the plates. The cells that were enriched for smooth muscle cells remained attached and were fed with M199 media with 20% calf serum.
METHODS
Human endothelial cells. Primary human endothelial cells from umbilical veins were a generous gift of Dr. M. Gimbrone, Jr. (14) . The cells were propagated by the method of Maciag et al. (15) by using partially purified endothelial growth factor from bovine hypothalamus.
Cell identification. The identity of the cells was confirmed by morphologic criteria with light and transmission electron microscope (6) . In addition, all the cells were examined for the presence of Factor VIII by using indirect immunofluorescence as described previously with a monospecific bovine Factor VIII antibody, a gift of J. Brown, University of California, San Diego (6). Angiotensin converting enzyme activity in cultured cells was determined by using a radioassay (Ventrex, Portland, ME). The endothelial cells from the retinal capillary and the aorta were positive for Factor VIII and any iontensin converting enzyme activity, whereas pericytes and smooth muscle cells were not. By using these biochemical and morphological tests, the cultures were determined to be free of contaminating cells. (19, 20) .
RESULTS
125I-Insulin binding. Using 125I-insulin, specific insulin binding was found on both retinal and aortic endothelial cells, retinal pericytes, and aortic smooth muscle cells (Figs. 1 and 2 ). Endothelial cells from retinal capillary and aorta showed similar high affinity receptors. The concentration of unlabeled insulin that inhibited the binding of '251-insulin by 50% was 1.5 ng/ml (2.5 X 10-10 M) for both types of endothelial cells, although the retinal cells had higher binding of the '25I-insulin tracer. At 0.2 ng/ml of '251-insulin, endothelial cells from retinal capillary bound 7.2% per 106 cells, whereas aortic endothelial cells bound only 3.8% per 106 cells. (Fig. 1) . Nonspecific binding accounted for <10% of the total binding.
Scatchard analyses of the competition curves for endothelial cells were curvilinear, similar to those for insulin receptors in other tissues (11, 14) (Fig. 1) . For retinal pericytes and aortic smooth muscle cells, the analysis of '251-insulin bound and the apparent affinity of binding revealed differences both in the amount of 1251-insulin bound and the apparent affinity of binding. (Fig. 2) . (Fig. 3) . The basal rates of glycogen synthesis in retinal pericytes and aortic smooth muscle cells were -10-50% that of the endothelial cells. In the basal state, these cells incorporated ['4C]glucose at the rate of 1.6±0.2 and 11±2 nmoles/mg protein per h, respectively. With the addition of 10 ng/ml (1.7 X 10-9 M) and 10 qg/ ml (1.7 X 10-6 M) of insulin, both cells increased the rate of ['4C]glucose incorporation (Fig. 3 C and D) . At a concentration of 10 tg/ml, insulin increased glucose incorporation by 50% for pericytes and 250% for smooth muscle cells (average of four experiments).
Both cell types also showed significant stimulation at insulin concentrations of 10 ng/ml (1.7 X 10' M).
Stimulation of [3H]thymidine incorporation into
DNA. Endothelial cells from retinal capillary and aorta exhibited different responses to insulin with respect to growth-promoting effect (Fig. 4A) . Insulin was able to increase [3H]thymidine incorporation by fiveto sixfold in retinal endothelial cells starting at 10 ng/ ml (1.7 X 10' M) and the maximal response was observed at 10 jig/ml. Aortic endothelial cells and human endothelial cells (Table I and Fig. 4) were only minimally responsive (<10%) to insulin. However, all the cells tested responded well to 10% serum. In addition, endothelial cell growth factor was very effective in human endothelial cells.
For the vascular support cells, in both retinal pericytes and aortic smooth muscle cells, insulin was able to increase DNA synthesis, although the dose-response curves for the two cells are different (Fig. 4B) . With the pericytes, insulin stimulated [3H]thymidine incorporation by 10-fold starting at 10 ng/ml with maximal response around 1 ,ug/ml. In aortic smooth muscle cells, higher concentrations were required and a lower maximal response was observed (Fig. 4) .
DISCUSSION
In this study we 
